Abstract-This study is a cross-sectional study with the objective to determine mismatch between school furniture and anthropometric measurement among primary school children in Mersing. The sample consisted of 91 primary school children (46 male and 45 female) from Year 2 and Year 5 in two schools in Mersing District, Malaysia. Seven anthropometric measurement (height, weight, popliteal height, buttock-popliteal length, hip breadth, shoulder height and elbow height while sitting) as well as 5 furniture dimensions (seat height, seat depth, seat width, backrest height and seat to desk height) were taken. Instruments used were Martyn type anthropometer set, ruler, height scale and weighing scale. Differences between genders in anthropometric measurements were also investigated in this study. Findings showed 100% high mismatch for seat height, seat depth, desk height respectively while 56% match and only 44% mismatch for backrest height among Year 2 children. Year 5 students reported contrary result with 79% mismatch for seat height, 91% for backrest height and 100% for both seat depth and desk height. There was no significant difference between genders for both age groups. In conclusion, there was a mismatch between furniture and children's anthropometric measurements. It is recommended that school furniture be redesigned so as to conform to the children's physiological measurement. The use of adjustable furniture can be taken into consideration in designing new furniture for school environments in order to meet all the differences in children anthropometry.
INTRODUCTION
Ergonomics aims to design work and environment for people, thus they can work easily, effectively and safely [10] . The comfort, physical health, well-being, and performance of people can be increased by designing equipment, goods, furniture, and other devices according to the needs of the human body [3] .
One of the conditions to support productivity is to ensure that the work spaces and equipments used are conforming to user's anthropometric and biomechanical characteristics. This condition also applies to school environment in which students are using chair and desk during the learning lessons and they are acquire permanent sitting habits for about 6 hours per day [6] . Henceforth, children's anthropometric measurements are varies in different age groups and even more in the same age groups. Thus, it will leads to the bad postures, musculoskeletal disorder (MSD) or psychological dissatisfaction [13] . Therefore, this study aims to compare the differences in anthropometric data between different ages and gender of the children.
In Malaysia, we are lacks of ergonomics assessment for school environment as compared to industrials and occupational setting [14] . The study found that classroom furniture, backrest shape and desk height were significantly associated with the lifetime prevalence of MSD (33%) and neck pain (20.2%) among the primary school children. Therefore, public health concerns over the effects of bad posture need to be focused on the design of classroom furniture. In addition, this study will look at the percentage of mismatch between the children anthropometric measurements and their school furniture.
A. Recruitment of Subjects
A cross-sectional study was done involving 91 primary school children aged 8 (Year 2) and 11 years old (Year 5). Primary school children in Malaysia were divided into level 1 and level 2. In this study, level 1 was represented by Year 2 school children while, Year 5 represented level 2. Stratified random sampling was used to select these school children. There were two primary schools participated in this study which had been chosen by purposive random sampling. The class and respondent name list were obtained from the latest database of each school. Inclusive criteria were Malaysia citizen school children and no disability. Written consent from parents was given to the children and taken back on the day of measurement.
B. Questionnaires
Interview questionnaire were distributed to the respondents during school hours. The participants answered all the questions under the supervision and guidance of a researcher. The questionnaires consisted of 3 parts: (1) socio-demographic and background information including: name, age, height, weight, history of disease and matching of chair, (2) selected parameter of chair and desk, (3) selected anthropometric data of children. The second and third parts of the questionnaires were filled up by the researcher during measurement.
C. Anthropometric Measurements
Anthropometric measurements were collected by using a Martyn type anthropometer. Each of the respondents was asked to sit on a customized made chair. Seven (7) anthropometric measurement (height, weight, popliteal height, buttockpopliteal length, hip breadth, shoulder height and elbow height while sitting) as well as five (5) furniture dimensions (seat height, seat depth, seat width, backrest height and seat to desk height) were taken. The anthropometric measurements were based on methods in MS ISO 7250-1:2008. All measurement were made by the same measurer and recorded by an assistant for four different sessions. During the measurement, children were without shoes. Accuracy and repeatability of the measurements were achieved by intra-tester reliability test. e) Seat to desk height Vertical distance from the top of the front edge of the seat to the top of front edge of the desk.
1) The following anthropometric measurements of student were collected in this study a) Popliteal height

D. Data Analysis
All data were analyzed using Statistical Packages for Social Sciences (SPSS) version 18.0. The study hypotheses were tested by using independent sample t-tests and descriptive analyses. The furniture dimensions were matched with children anthropometric data [5] . Table I shows the application of measures that used in this study. 
A. Background Information of Respondents
Five variables on Subject background were collected: age, sex, height, weight and Body Mass Index (BMI). The respondents were 50.5% male and 49.5% were female. A majority of the school children (51.6%) were in range of 120-139 cm for height. Most students (64.8%) were in range of 15-30 kg. The Asian categories for Body Mass Index (BMI), are classified as: underweight, normal, overweight and obese. In this study, a majority of the school children (67%) were underweight.
B. Anthropometric Measurements Differences among Age
and Gender Groups Table II shows the differences in anthropometric measures between Year 2 and Year 5. There were significant differences (p<0.001) for all anthropometric measures. The difference was highest for shoulder height (t=-6.093, p<0.001).
Among gender groups, there were no significant differences in anthropometric data between male and female school children in Year 2 where p> 0.05 for all of the anthropometric data as in Table III 
C. Mismatch between anthropometric measurements and furnitures
In these proposed dimensions, two percentiles were used which are 5 th and 95 th percentile. For 5 th percentile, value that has been chosen is the lowest value, while for 95 th percentile, it is the highest value. The used of percentile was to ensure the proposed dimension will match about 95% of school children for two extreme group (smallest and biggest). Mismatch was categorized as high mismatch, low mismatch and match. High mismatch is when the minimum limits of the application measures equation is higher than the children anthropometric, low mismatch when the maximum limit of the application measures equation is lower than children anthropometric and when the children anthropometric is between the limits, it categorized as match. Figure 2, 3, 4 and 5 represent the percentage of match/mismatch for seat height, seat depth, backrest height and desk height respectively for Year 2 and Year 5. For Year 2, 100% high mismatch was reported for seat height, seat depth and desk height, 56% match for backrest height while 44% reported as low mismatch. Then, 100% low mismatch was observed for seat depth and desk height in Year 5. There were 79% low mismatch and 21% match reported for seat height among them. Moreover, for backrest height, majority of the Year 5 children reported as low mismatch by 91%, 7% are low mismatch while only 2% are match. 
III. DISCUSSION
For the significant differences of anthropometric data between Year 2 and Year 5, by which mean values of all anthropometric dimensions increase with increasing age [10] . This is a natural phenomenon as children are in a period of growing. Children age 6-12 tend to get taller at a steady pace, growing about 2.5 inches (6.35 centimeters) each year.
This study found that there were no significant differences in anthropometric data between genders exception for shoulder height of Year 5 that shows the significant difference between male and female where female is higher mean value than male. Literature stated that there are gradually increase in all compared parameter of measurement, but no difference due to sex [8] . This can be explained by the growth spurt of a child. For girls, the growth spurt usually takes place around or after age ten and for boys it usually takes place around twelve and a half. Therefore, the significant differences between Year 2 children cannot be seen as they are still not undergoing rapid growth spurt or puberty. This growth is regulated by hormones that are genetically influenced. Parcells' study [2] involved a total of 74 (37 male and 37 female) sixth-through eighth-grade students in a Michigan school district also found gender to be statistically significant. At an age when many more girls than boys have already entered puberty, developmental differences explain the gender differences.
Different requirements of furniture dimensions had been reported for girls and boys which boys with stature greater than 126 cm required higher desks and chairs than girls of the same stature and had relatively higher popliteal and elbow distance [1] . Meanwhile, girls with stature more than 120 cm required larger depth and breadth of chairs than the boys because the girls' buttock-popliteal length and hip breadth were more than the boys in the same age [1] [2] .
Furthermore, from 4 years of age until the onset of rapid growth in puberty (the adolescent growth spurt) the average rate of growth for boys and girls is about 5-6 cm/year. During this time, boy is slightly taller than the girl. This situation is temporarily reversed when girls reach their adolescent growth spurt at around 11 years old, about two years earlier than boys [14] .
In addition, the growth spurt that initializes adolescence occurs earlier in females than in males. Many developmental psychologists said that girls tend to be a bit taller and heavier than boys from the age of 2 until about 9, when boys catch up [4] .
Reference [8] conducted a study among Mazandaran/province Iran age range 6-11 years old shows significance testing of dimensions between boys and girls with the exception of vertical grip reach, stature and sitting height.
For mismatch between children anthropometric and furniture, it can be clearly seen that mismatch occurs in mostly all of the parameter for Year 2 in which there are 100% high mismatch reported for seat height, seat depth and desk height. This findings were similar by previous study when they were also found that high mismatch was reported for seat height in all of the three school measured [5] . This shows that all of the children are using chair that was higher from them. Subsequently, the children were unable to support their feet on the floor and can increase the pressure on the posterior surface of the knee [7] . It shows that design of the furniture was made without ergonomic criteria.
Reference [5] discovered only 14% of student's popliteal height was appropriate to the seat height in 2 out of 3 schools and 28% in the third. In addition, seat to desk height was too high and mismatched 99% of the students in one school and 100% in the others. Moreover, findings indicate fewer than 20% of students can find acceptable chair/desk combinations. Most students are sitting in chairs with seats that are too high or too deep and at desks that are too high [2] .
As we look at Year 5, low mismatch was reported in seat height (79%), backrest height (91%) and 100% for seat depth and desk height respectively. Low mismatch means that chair used was lower than the children. This can be explained by the used of the same size of furniture across the different age groups in school [2] . Low mismatch in seat depth would result in discomfort when their thigh was not fully being supported by the chair [9] .
IV. CONCLUSION
According to the obtained data it can be concluded that school's furniture did not match with the selected anthropometric measurements of the children. Proposed dimension of furniture for Year 2 and Year 5 shows the increased in the percentage of match for backrest height seat height, seat depth and seat to desk height. It is recommended to ergonomically redesign the school furniture. School furniture could be redesigned according to two proposed dimensions that were recommended in more specific on age group and standardize dimensions which based on 5 th and 95 th percentile of both age groups.
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